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AMENDMENTS TO THE CLAIMS 



This iisiing oi" claims wili replace all pnor versions, and listings, of claims ia the application: 



RECEIVED 
CENTRAtFAX CENTER 

OCT 2 h 2006 



Listing ofCliiirns: 

1 . (Wuhdrawni) A cryogenic fuel tank comprising: 
an exterior .surface comprising a skin layer: and 

a composiie insulation layer affixed to at least a substantial portion of the skin layer, the 
composite insulating layer including a reinforcing material combined with a non -flammable polymer 
loam material. 

2. (Withdrawn) The fuel tank of claim 1 wherein the polymer foam material 
comprises a closed cell foam material. 

3. {VVithdraN\n) The fuel tank of claim 1 wherein the foam material is 
polyisocyanurate foam. 

4. (Withdrawn) The fuel lank of claim 3 wherein Uic polyisocyanurate foam is a 
closed cell foam. 

5. (W^iihdrawn) The fuel tank of claim I wherein the polymer foam material 
comprises pt>Jyure thane foam. 

6. (W'ilhdrawn) The fuel tank of claim 5 wherein the poPAircthanc foam is a ciosed 
ceii fcam. 

7. (Withdrawn) The iiiel lank of claim 1 wherein the reinforcing material includes at 
least one shcui oi'iriaLcrial added to Ih.e pojynier foam, a^ateiiai. 

S. (Wiihdra\v7T) I he fuel tank of clrjim. 7 wherein the at least one sheet is a mesh grid 

sheet of fibers enrbeddcd witliiji a layer oi lhe polymer foaui /iialei ial. 



9. (Withdrawn) The fuel lank oJ'ckum iS wherein the ar. least one sheet is a mesh gi'id 
sheet of a rami d Ilbcr material. 
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10. (Wiihdrnvvn) The liiel tank of clnini 0 wherein ihe at Iea.>r one sheei is m mesli grid 
sheet having a p)uraht>- of interconnected linear fibers. 

1 1 . ( VVithdrawni) ITie fuel tank of claim 9 wherein the at least one sheet is a mesh grid 
having a phii-alit>' of interconnected curvilinear fibers. 

12. (Witlidrawn) I he fuel tank of claim I wherein the reinforcing material is selected 
from the group consisting of nanotubes, nanorods, graphite whiskers, graphiic epoxy, po]y(/?- 
phenylene terephthalamide) aramid fiber, carbon gi'aphitc fiber, poly(m-phcnylcnc Icrcphihalamidc) 
fiber, silicone nitride fiber, siUcone carbide t1ber, polyaramid fiber, gel-spun polyethylene fiber. 
poiyarylatc fiber, and poly(phenylene sulfide) fiber. 

13. (Withdrawn) The fuel tank of claim 1 wherein the reinforcing material comprises a 
plurality of discrete strengthening fibers interspersed and embedded within a layer of the polymer 
foam material. 

14. (Withdrawn) The fuel tank of claim 13 wherein the discrete fibers are selected 
from the group consisting of siiicc^n carbide tlbers. nanotubes, nanorods, carbon gi*aphitc whiskers and 
carbon graphite fibers. 

15. (Withdrawn) The fuel tank of claim 14 wherein the discrete fibers are nanotubes. 

16. (Withdrawn) 'Hie fuel tank of claim 15 wherein tlic nanotubes have diameters 
ranging from about I to about 2 nm and lengths ranging from about 0.1 um to about to about 50 pm. 

1 7. (NVithdrawn) The lijci lank of ciaim 16 wherein the polymer foarn material is a 
closed cell fiiam having a cell size of about 200 jLun. 

i (Withdrawn) Hie fuel tank of claim 1 6 vvherein a plurality of the nanotubes 

intersect and arc fused to one or more other nanotubes. 

j 9 . { Wi ih dr a w n ) 'f h e fu e 1 tail k o f c I a i 1 4 where i n t!i e d i s c I'e t e fi be rs a re c: arbo n 
graphite whiskers having a diameter ranging from about Q. J to about 1 ,iiin ar-u a length ranging irorf} 
about 5 to about 50 {.im. 
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20. (Wilhdrnwn) The fuel tank of claim 19 wherein the polymer fooni material is a 
closed cell foam having a cell size of about 200 mjtj. 

21 . (Withdrawn) The fuel tank of claim 1 4 wherein the discrete fibers arc carbon fibers 
having diainerers of less than S and tlic polymer foam material is a closed cell foam having a cell 
size ofaboul 200 um. 

22. ( VVithdi awn) A cryogenic fiiel tank for attachment to an exterior of an orbitcr 
during )3unc)\ and ascent, the fuel tank comprising: 

a skin layer having an exterior surface; and 

a composilc insulation layer affixed to at least a suhstanrial portion of the exterior surface of 
the skin layer, the comjX)site insulating layer including a reinforcing materia! embedded with a closed 
cell poly isocyan urate loam, 

the reinforcing material being selected from the gioup consisting of nanotubes, nanorods. 
giaphite whiskers, silicone carbide fiber, poly(^-phcnylcnc icrcphthalamide) aramid fiber mesh, and 
poly(w?-phenylenc tcrephihalamide) fiber mesh. 

23. (Wiihdiavvn) The fuel tank of claim 22 wherein reinforcing material consists 
essentially of the discrete fibers are nanotubcs having diameters nmging from about 1 to about 2 nm 
and lengths ranging from about 0. 1 um to about to about 50 |xm and the polyisocyanurate foam is a 
closed eel! foam having a cell size of about 200 jim. 

24. (Withdrawn) The fuel tank of claim 23 wherein a plurality of the nanotubes 
interseci and are fused to one or more other nanotubcs. 

25. (Withdrawn) ihc fuel tank of claim 22 wherein I'cmforcing maicriai consiHts 
essentially of the discrete fibers are carbon gr aphite whiskers having a diameter ranging from about 
0. 1 t.o about 1 jLtm and a length ranging from about 5 to about 50 ^im and the polyisocyanurdte foam is 
a closed ceil foam having a ceil size of about 200 pm. 

26. ( vV ithdrawn ) The tliei tank of claim 22 wherein the reinforcing maicriai consists 
essentially of poiy<p-phcnylcne lerephthal amide fiber mesh. 

4 
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27. (Currently amended) A method for strcnglheniny; iin ox.tcri<)r insulalion layer on an 
exterior surfaee of a skin of a cryogenic (ueJ tank, the niethod comprising: 

providing a quantity of a non-llammablc polymer foam material and a reinforcing material, 
wherein the reinforcing material eoinprtscs consists of a pluralm' <>f discrete .strengthening fibers, 
wherein at least some of the strengthening tlbers intersect w ith at least some other of the 
strengthening tlbers, said strengthening fibers having diameicrs ranging from about I nm to about I 
\im and lengths ranging from about (). I j.tni to about 50 um: 

combining the polymei- foam material and the reinforcing material to form a composite 
insulating layer; and 

affixing the com}x>site insulating layer in an uncured stale to ai least a substantial portion of 
the exterior surface of the skin. 

28. (Original) The method of claim 27 wherein the combining further comprises: 
embedding the reinforcing material in the foam material when the foam material is in a liquid 

state. 

29. (Original) The method of claim 28 wherein the embedding further comprises: 
spraying the exterior surface of the skin of the fuel lank with tlie foam material to fonn a lirst 

layer of foam material Ihereon; 

placing at least one sheet of the reinforcing material over the lirst layer of foam material; and 
spraying a second layer of foam material on the sheet and tirst layer, 

30. (Original) The method of claim 2K wherein embedding further ctmiprises: 
adding a plurality of discrete strengthening fibers to the foam material before the foam 

material is cured and affixed lo the exterior surface of the skin. 

({.h'igina}) The method cjj clami 27 wherein the conibimag anci aiiixing arc 

complcicd substantially simultaneously. 

32. (Original) The method of claim 28 tmther comprising: 
adding a foam material layer in a liquid state onto the exterior surface of the skin; 
placing a reinibrcing maieriul layer on the nrsi foam material layer: 
adding nnother foam niaten'al layer in n liquid state onto the t^rst foam material and 
reinlorcing maicnal layers; tind 

curir.g the foam material layers. 

5 
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33. (Original) The method of claim 32 wherein ihc adding I'urlhcr comprise pouring 
the liquid foam material. 

34. (Original ) The method of claim 32 wherein adding further comprise spraying 
ihc liquid foam material. 

35- (Original) The method of claim 32 wherein the adding, placing and adding are 

repeated a desired number of times. 

36. (Original) The method of claim 27 further comprising: 

securing at lea si one reinforcing material layer adjacent the exterior surface of the skin; 
adding a foam material layer in the liquid state in such a manner to substantially encapsulate 
the reinforcing material layer in the foam material layer: and 
curing the foam material layer. 

37. (Original) The method of claim 36 wherein the adding further comprises: 
pouring the liquid foam material over ihe reinforcing material layer and the skin layer. 

38- (Previously presented) The method of claim 36 wherein the adding further 
comprises: 

spraying the liquid foani layer over the reinforcing material layer and the skin layer. 

V). (Original) Tlic method of claim 27 wherein the combining further includes 

adding a sufficient amount of the reinforcing material to a sufficient amount of the polymer foam 
mareriai .^<; ti-a; mc compcsiiL uisul nting layer ha.s a compressive sti-en<rth and a tensile strength 
sufficient to prevent the compo.site insulating layer irom Iractunng and being separated from The fuel 
tank as a rcsuil t>rihrust imposed on die composite in.sulating layer during a launch and ascent to 
space when the fuel tank is aaached h> a space shuttle orbiter. 

40. (Original) f he method of claim 27, wherein the polymer foam material 
comprises a closed cell poiyisocyanuralc loam. 

41. (C'anceled). 
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42 (Previoij?;ly presented) The method claim 27 wherein the strengtlieninu fibers are 
nanotubes having diameters ranj>!ng from about 1 to about 2 nm and lengtlis ranging froni about 0. i 
um la about 50 jiini iind the polyisooyanuralc foam is a closed cell foam having a ceil siy^c of about 
200 um. 

43. (Canceled; 

44. (Previously presented) The method of claim 27 wherein the strengthening fibers are 
carbon graphite whiskers having a dianictcrranging from about 0.1 to aboLil 1 }.im and a length 
ranging from about 5 Xo about 50 |j.m and the polyisocyanurutc foam is a closed ceil foam having a 
cell size of aboui 200 [am. 

45. (Withdraum) A space orbit er comprising: 
a skin layer compri.sjng an interior surface; and 

a composite insulation layer airixcd to at least a substantial portion of ihc skin layer, the 
composite insulating layer including a reinforcing material combined with a closed cell 
polyisocyanurarc foam. 

the reinforcing material being selected from the gioup consisting nf nanotubes, natiorods, 
graphite whiskers, silicone carbide fiber, poly(/?-phenylene terephthal amide) aramid fiber mesh, imd 
poiy(«i"phcnyknc tcrcphlhalamide) tlber mesh. 

46. (New) The method of claim 27. whci-cin the strengthening fibers are 
selected trom the group consisting of .silicon carl^ide fibers, nanottibes. nanorods, silicon carbide 
fibers, silicon carbide whiskers, carbon graphite whiskers and carbon graphite fibers. 

47 . (Cajic e 1 ed) I h e merh od of c ! a i :v» 46 , whe re; v. the $ tre n gtheni ng fibers are si] i con 
c arbi do w h i skcr s . 

48. {New) A method for strengthening an exterior irisulaii<»n layer on an exterior surface 
of a skin of a cryogenic fuel tank, the method comprising: 

providing a quantity of a non-tlammahle polymer foam material, and a reinforcing material, 
wherein said polymer foam matcriai is a closed cell poiyisocyanuralc closed ceil foam having a cell 
size of about 200 y.r.'i and wherein said reinforcini^ n-ialer>al consists essentially of a pjiirrjiliy of 
tianotubes liijving diairieters ranging from about 1 to iibout 2 nm and lengths ranging i'vorn about 0. 1 
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to about 50 pm, whcTcin a piuralily oJ ihe nanonibes intersect and are fused to one or more other 
carbon nanotiibes; 

combining the polyiner foam aiatcria) and the reinforcing material to form a composite 
insulating layer; and 

aiiixing Ihc composite insulating layer in an uncured stale to at least a substantial portion of 
the exterior surface of the skin. 
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